LNLS, Campinas (Brazil) Clusters are small molecular aggregates which represent an intermediate case between atoms and macroobjects. During the last two decades the investigation of cluster size effects became fundamental to our knowledge of the evolution of matter from molecules to solids. In addition, the discovery of unusual physical and chemical properties of clusters ignites the broad applied research in the fields of micro-and optoelectronics, catalysis and environmental science [1] . Among the variety of experimental methods used for cluster research so far, X-ray absorption near-edge spectroscopy (XANES) is a very attractive one since it is sensitive to both the local geometrical and electronic structure around X-ray absorbing atoms [2] . In combination with our cluster pick-up source [3] it has been shown, that this is a promising approach to investigate the size dependence of the electronic and geometrical properties of clusters in the gas phase. NaCl Clusters are prepared by a pick-up technique which allows the production of either free or embedded clusters. A primary Ar-cluster beam is produced by an adiabatic gas expansion through a conical nozzle (300 µm diameter, 8° opening angle, pressure p Ar = 20 -200 mbar) cooled to T nozzle = 80 K. This cluster beam passes through a skimmer into an oven (T oven = 625 -660°C) containing sodium chloride vapor. Alkali halide molecules are picked up and coagulated together inside the rare gas cluster. Thereby the heat of condensation is dissipated by evaporation of an appropriate number of Ar atoms. By varying the cluster source parameters, i.e. the degree of condensation, it is possible to produce an embedded NaCl cluster inside an Ar host cluster or a free NaCl cluster. The embedded clusters were deposited onto a gold-coated copper substrate at 30 K. The presence of the rare gas shell around the core prevents agglomeration of the NaCl clusters on the surface. As a result, Ar encapsulated NaCl clusters form an Ar matrix containing noncoagulated NaCl-clusters.
NaCl Clusters are prepared by a pick-up technique which allows the production of either free or embedded clusters. A primary Ar-cluster beam is produced by an adiabatic gas expansion through a conical nozzle (300 µm diameter, 8° opening angle, pressure p Ar = 20 -200 mbar) cooled to T nozzle = 80 K. This cluster beam passes through a skimmer into an oven (T oven = 625 -660°C) containing sodium chloride vapor. Alkali halide molecules are picked up and coagulated together inside the rare gas cluster. Thereby the heat of condensation is dissipated by evaporation of an appropriate number of Ar atoms. By varying the cluster source parameters, i.e. the degree of condensation, it is possible to produce an embedded NaCl cluster inside an Ar host cluster or a free NaCl cluster. The embedded clusters were deposited onto a gold-coated copper substrate at 30 K. The presence of the rare gas shell around the core prevents agglomeration of the NaCl clusters on the surface. As a result, Ar encapsulated NaCl clusters form an Ar matrix containing noncoagulated NaCl-clusters.
X-ray absorption spectroscopy (XAS) of free clusters and of the deposited cluster film was performed at the high resolution and high flux HASYLAB BW3 undulator beam line [4] . Na K-edge (1070.8 eV) absorption spectra were recorded with the time-of-flight (TOF) techniques, using the total yield of the photoelectrons (TEY) and the partial yield of the photo-ions (PIY, only free clusters). The TEY of the deposited clusters Innershell photoabsorption spectra at the Na K-edge of free and deposited NaClclusters of different size distributions. Additionally, the spectra of solid NaCl and the NaCl molecule are shown.
was recorded during deposition in order to avoid sample pollution.
We have prepared three different cluster size distributions for free clusters 〈n〉 = 4, 9 and 36 as well as for deposit layers 〈n〉 = 12, 30 and 50. The Na K-edge absorption spectra are shown in Fig. 1 . The labeling of the peaks is taken from [5] . On increasing the cluster size, a gradual development of the innershell absorption spectra towards the solid like spectra can be seen, namely the variation in the near edge structure below 1080 eV and the development of higher energy structure. These are well known as XANES/EXAFS features which develop on the flat background due to the interference between the outgoing electron wave from the absorbing atom and the singly or multiple scattered electron waves at the surrounding atoms.
Our main interest is in the shift of peak g to smaller energies with increasing cluster size up to the solid NaCl. We assume that this energy shift is due to the change of the Na−Cl bond length. The bulk lattice constant of NaCl is 2.79 Å and from the rotational spectrum of NaCl vapor the bond length of the NaCl molecule is known to be 2.36 Å [6] . Therefore, the NaCl bond length should increase with cluster size. Kasrai et al. [5] have applied an interatomic-distance correlation for several XANES spectra on solid alkali halides at the Cl L-edge and the Na K-edge. From this we determined the nearest neighbor bond length r 0 with the experimental energy shift ∆ g of peak g.
In addition we applied a simple theoretical model to calculate the bond length in NaCl clusters. Since the binding in alkali-halide clusters have almost pure ionic character, the interaction potential between two ions can at first approximation be divided into a long-range classical electrostatic interaction and a quantummechanical short-range repulsive interaction. Therefore, we have used the rigid core model [6] , in conjunction with the concept of the Madelung number for ionic crystals of the type A + B -which allows us to study rather big clusters. By minimizing the lattice energy V of the cluster as a function of the nearest neighbor distance rˆ the nearest neighbor distance r 0 and the bonding energy E(r 0 ) per molecule is calculated.
The values for the bond length for five different cluster sizes determined by the absorption spectroscopy of deposited and free NaCl-clusters were compared with the simple model. In Fig. 2 
